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FLOOD-DEPTH FREQUENCY RELATIONS FOR STREAMS IN ALABAMA

by D. A. Olin

ABSTRACT

Equations are defined for estimating the depth of water for floods having 
recurrence intervals of 2, 5, 10, 25, 50, 100, and 200 years on rural and 
urban streams in Alabama. Multiple regression analyses were made using the 
"maximum RSQUARE improvement" procedures. The dependent variable was the 
flood depth and the independent variables were 10 basin and climatic charac 
teristics. For rural streams, drainage-area size (0.44 to 1,344 square miles) 
was the only statistically significant independent variable tested to estimate 
flood depths in six different hydrologic areas. Other variables affecting 
flood-depth relations are reflected in the equation constant and coefficient 
for each hydrologic area. These account for differences in geologic and 
topographic characteristics. For urban streams, drainage-area size (0.16 to 
83.5 square miles) and percent impervious area (8.3 to 42.9 percent) of the 
basin were the most significant independent variables tested to estimate flood 
depths.

For most streams where the drainage area is larger than 1,344 square miles, 
the drainage basin extends into more than one hydrologic area and the 
equations presented would not apply. Flood-profile data and gaging-station 
records are available from the U.S. Geological Survey for use in estimating 
flood depths for these large streams. Flood-routing and historic flood 
profiles are also available for many of the large streams which have flood 
regulation.

INTRODUCTION

The Alabama Highway Department designs bridges, culverts, and highway 
embankments on the basis of the rate of discharge (magnitude) and the height 
(depth) of floods. Depending on the importance of the highway, the 10-, 25-, 
50-, or 100-year flood depth and magnitude are used in the design. The 10- 
year flood having a one in ten chance of occurring in one year. Additionally, 
the 2-, 5-, and 200-year flood depth and magnitude are used by governmental 
agencies responsible for land-use development, flood-plain zoning, and flood- 
insurance studies.

When the U.S. Geological Survey began preparing maps of flood-prone areas 
as directed by the 89th Congress in House Document 465 (1966), a need arose 
for a method of determining flood depths for use in delineating approximate 
flood-prone areas. Regional flood-depth-frequency relations were developed in 
Alabama for this purpose (Hains, 1977). Since that report was published, more 
flood data have been collected. Updated techniques for estimating flood 
depths on most streams in Alabama were -\erived for this study. Data for small 
rural and urban streams in addition to the stations used in Hains's report, 
including flood records collected through 1983, were used in the analysis.
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The purpose of this report is to present equations for estimating depths 
of floods having recurrence intervals of 2, 5, 10, 25, 50, 100, and 200 years. 
Equations and graphs for six different hydrologic areas for rural streams and 
one set for urban stations statewide are given as the result of flood-depth 
frequency studies in Alabama.

This report was prepared by the U.S. Geological Survey in cooperation with 
the Alabama Highway Department. It is based on data collected as a part of a 
cooperative program with the Alabama Highway Department, the Federal Highway 
Administration, and other State, municipal, and Federal agencies.

DETERMINATION OF FLOOD-DEPTH FREQUENCY RELATIONS

Streamflow and stage records are available for 164 gaging stations on 
rural streams and 23 gaging stations on urban streams in Alabama. Records 
were analyzed to provide equations for estimating the depth of floods in these 
streams with recurrence intervals of 2, 5, 10, 25, 50, 100, and 200 years. 
Of these 187 stations, six rural gaging stations were deleted for the 
following reasons: (1) variable backwater during floods, (2) stage-discharge 
relations not defined, (3) regulation of floods by storage reservoirs upstream 
from the gaging station, or (4) too much variation in elevation of the point 
of zero flow. One urban station was deleted because urban development changed 
the size of the drainage area several times during the period of record. For 
location of the 22 urban gaging stations see figure 1 in the report by Olin 
and Bingham (1982). The locations of the remaining 158 gaging stations on 
rural streams are shown in figures 1 through 4.

Flood depths were computed as the differences in the elevation of the 
point of zero flow and the elevation of the flood. The elevation at the point 
of zero flow was computed from discharge measurements made in the vicinity of 
the gaging station and stage-discharge relations. Discharges were obtained 
for the 2-, 5-, 10-, 25-, 50-, 100-, and 200-year floods at stations using 
procedures from "Magnitude and Frequency of Floods in Alabama" by Olin (1984). 
The depths for each recurrence interval at each gaging station are shown in 
the Supplementary Data section at the end of this report. Selected data from 
two completed studies are included in the Supplementary Data section. The 
first study was for 37 small rural streams (Olin and Bingham, 1977) and the 
second for 21 urban streams in Alabama (Olin and Bingham, 1982). Synthetic 
data derived from a rainfall-runoff model were used in both of these studies.

Regression Analysis

Since flood-depth information is collected only at gaging stations, 
mathematical methods are required to transfer the measured information to 
ungaged sites within the State where flood-depth information is needed. 
Regional analysis is a method of doing this. The regression method described 
by Riggs (1973) is a useful means of regionalization within a State because 
flood depth for a selected flood recurrence interval can be related to basin 
and climatic characteristics.



The regression model used in this study is of the form

bed 
Dn = aX Y Z

where Dn = flood depth above bottom of channel having an n-year 
recurrence interval (dependent variable),

X, Y, Z = basin and climatic characteristics of drainage basin 
(independent variables), and

a, b, c, d = constant and coefficients for a given recurrence 
interval n.

A previous study in Alabama (Hains, 1977) indicated that flood depth is 
linearly related to the drainage area of the basin in hydrologically similar 
areas if the logarithmic-transformed data are used. Therefore, in this study 
all values of flood depths and drainage basin characteristics were transformed 
to logarithmic values. Multiple regressions were performed using the stepwise 
procedure "maximum RSQUARE improvement" (MAXR) (SAS, 1982).

RSQUARE is the coefficient of determination (square of the multiple 
correlation coefficient); it measures how much variation in the dependent 
variable can be accounted for by the model (independent variables). The MAXR 
method begins by finding the one-variable model producing the largest RSQUARE 
and adds another variable that will produce the largest increase in RSQUARE. 
Each variable in the two-variable model is compared to each variable not in 
the model. MAXR determines if removing one variable and replacing it with 
another would improve RSQUARE. Comparison or replacement of variables con 
tinues until the "best" two-variable model, three-variable model, and so 
forth, is derived.

The drainage basin characteristics tested for significance (5-percent 
level) in the regression are:

0 Drainage area (A), in square miles. The total drainage area 
upstream from the gaging station, as planimetered from U.S. 
Geological Survey topographic maps or aerial photographs.

0 Main channel slope (S), in feet per mile. The average slope 
between points 10 and 85 percent of the distance from the 
gaging site to the basin divide.

0 Main channel length (L), in miles. The length of the main 
channel between the gaging site and the basin divide, as 
measured along the channel which drains the largest area of 
the basin above each junction.

0 Mean basin elevation (E), in feet. The mean elevation of the 
entire basin above National Geodetic Vertical Datum of 1929, 
measured from topographic maps by transparent grid-sampling 
method (20 to 60 points sampled in each basin).



0 Storage (St). The surface area of lakes, ponds, and swamps 
expressed as a percentage of the total basin drainage area.

0 Forest cover (F), in percent. The area of forest expressed 
as a percentage of the total drainage area.

0 Soils index (Si), in inches. Data obtained from a previous 
flood report by Olin (1984).

0 Mean annual precipitation (P), in inches. Data obtained 
from Climates of the States (U.S. Weather Service, 1957).

0 24-hour 2-year interval rainfall (124-2), in inches. Data 
obtained from Technical Paper 40 (U.S. Weather Bureau, 
1961).

0 Latitude and longitude of the gage (LAT and LONG), in 
degrees. Data obtained from the previous flood report by 
Olin (1984).

0 Impervious area (IA), in percent. Data obtained from pre 
vious urban flood report (Olin and Bingham, 1982).

The multiple regression analysis of the data for 22 urban stations indi 
cated that, of the characteristics tested, the most significant were the 
drainage area and the percent of the basin occupied by impervious area. 
Residuals of this regression were plotted on a map of Alabama and no geo 
graphic bias was detected.

The regression equations for urban streams are of the form:

Du = a (A) b (IA) c 

where Du is the flood depth, in feet,

A is the drainage area, in square miles, and 

IA is the impervious area, in percent of total drainage area.

The equations for estimating flood depths for the 2-, 5-, 10-, 25-, 50-, 
100-, and 200-year recurrence-interval floods on urban streams are given in 
table 1.

The multiple regression analysis of the data for 158 rural stations 
indicated that the most significant characteristic tested was the drainage 
area. The residuals of this regression were plotted on a map of Alabama to 
check for geographic bias. A geographic bias was detected and the State was 
divided into six hydrologic areas. The boundaries of the six hydrologic areas 
initially were chosen to agree with those used in a report by Olin (1984), and 
then were modified and are shown on figure 5.
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A second multiple regression analysis was made on the data for the rural 
stations grouped into the six hydrologic areas. The residuals from this 
second regression when plotted on a map of Alabama showed no geographic bias 
except for hydrologic area 6. Two stations in hydrologic area 6 [Big 
Escambia Creek at Flomaton, Ala. (02375000) and Franklin Creek near Grand Bay, 
Ala. (02480150)] had flood depths closely related to those of hydrologic area 
5. For this report the boundary of hydrologic area 6 was redrawn so that 
these two stations would be in hydrologic area 5.

Flood depths from the remaining stations in area 6 were combined with 
flood depths from stations in hydrologic area 1 and another regression 
performed. Residuals from this regression were plotted on a map and no bias 
was detected. One reason that the flood depths in areas 1 and 6 are similar 
is that the flood magnitudes for streams in each area have similar charac 
teristics and were estimated from the same equations (Olin, 1984).

The regression equations for rural streams are of the form:

Du = a (A) b

where Du and A are as defined above. The equations for estimating flood
depths for the 2-, 5-, 10-, 25-, 50-, 100-, and 200-year recurrence-interval
floods for rural streams in hydrologic areas 1 through 6 are given in table 1.

Drainage area for the rural gaging stations used in the regression 
analyses ranged from 0.44 to 1,344 mi^. However, the distribution of drainage 
areas varies from one hydrologic area to another. The following table shows 
the range of drainage areas for each hydrologic area, and the drainage area 
and percent impervious area ranges for the urban stations. The user is 
cautioned that if the equations are used outside the limits shown, errors may 
be greater than those defined by the data.

Ranges of drainage area and percent impervious area

Hydrologic Drainage area Percent impervious
area nos. __________ ____area_______

1, 6 0.44 to 1,027
2 3.65 to 769
3 1.27 to 792
4 2.69 to 333
5 1.44 to 1,344

Urban 0.16 to 83.5 8.3 to 42.9



Accuracy and Limitations

The reliability of the flood-depth frequency equations is approximated 
by the standard error of regression of the equations. The standard error of 
regression is the standard deviation of the distribution of residuals about 
the regression line. This means that approximately two-thirds of the values 
estimated are within one standard error and 95 percent are within two standard 
errors of the observed values. The errors associated with the use of the 
equations to estimate flood depths in ungaged streams are unknown. The errors 
are assumed to equal the standard errors of the regression equations. Table 2 
gives the standard error of estimate by hydrologic area for the selected 
recurrence intervals.

The urban equations should not be used in hydrologic area 4. The rural 
equations estimate larger flood depths for some recurrence intervals in hydro- 
logic area 4 than the urban equations due to the area having impervious chalk 
and marl which produces high runoff. The equations should not be used for any 
streams subject to regulation, significant channelization, or where other man- 
made structures significantly affect peak stage, discharge, or channel slope.

A check for bias in differences in flood depths from station data and 
flood depths from estimating equations showed that the equations tend to 
overestimate the 2-year recurrence interval depths by an average of 7 percent 
and under estimate the 200-year recurrence interval by an average of 25 
percent.

In computing flood-depths for a minor tributary near the confluence of a 
major tributary, the drainage area below the confluence should be used in the 
areas of backwater because the major tributary would cause backwater for some 
distance upstream in the minor tributary.

The equations should not be used for streams with drainage areas larger 
than those of the gaging stations used to define them. If information about 
flood depths is needed for these large area streams contact the U.S. 
Geological Survey.



Table 2. Standard errors of estimate, in percent, for regression equations

Recurrence
interval ,
in years

2

5

10

25

50

100

200

Hydrologic-area number for
Urban streams

23

23

25

25

25

25

26

1 & 6

27

28

28

29

30

31

32

2

18

19

19

19

19

19

20

rural streams
3

26

22

21

19

18

17

17

4

27

28

28

29

28

28

29

5

24

24

25

27

28

28

29

USE OF FLOOD-DEPTH EQUATIONS

Flood depths can be estimated for the 2-, 5-, 10-, 25-, 50-, 100-, and 
200-year recurrence intervals for most ungaged rural streams within the 
drainage area limits shown on page 6 and urban streams with drainage areas 
from 0.16 to 83.5 mi 2 with impervious areas from 8.3 to 42.9 percent by 
solving the equations in table 1. The hydrologic areas needed for selecting 
the applicable equations are shown in figure 5. Graphs showing the relation 
of flood-depth versus drainage area were prepared using the equations in table 
1 for estimating the 2- through 200-year depths for each hydrologic area for 
rural streams (figs. 6-10) and for urban streams in Alabama (figs. 11-17). 
Flood depth estimated from these equations and graphs is the depth in feet 
from the points of zero flow to the water-surface elevation. The boundaries 
of the hydrologic areas shown in figure 5 were drawn to avoid crossing most 
streams except for large streams (streams with drainage areas greater than 
those used to define the equations). For ungaged basins lying in more than 
one hydrologic area, flood depths downstream from the boundary can be esti 
mated by using the following weighting equation.



log(Ds) = 1.66 -| log (2As/Ab) Plog (Ddw/DupjJ f + log (Dup) 

where Ds is the depth at the study site,

Ddw is the depth at a site where the drainage area is two times the 
drainage area at the boundary between the hydrologic areas. 
This depth is estimated from the equation for the downstream 
hydrologic area,

Dup is the depth at a site where the drainage area is 0.5 times the 
drainage area at the boundary between the hydrologic areas. 
This depth is estimated from the equation for the upstream 
hydrologic area,

As is the drainage area at the study site, and

Ab is the drainage area at the boundary between the hydrologic 
areas.

Flood-depth relations should not be used to obtain flood discharges; the 
methods for discharge estimation are presented in the report by Olin (1984).

As an example, the depth of the 25-year flood may be estimated by the 
following procedure:

1. Locate the drainage basin in figure 5 to find which hydrologic 
area it is in. For example, Mulwee Branch at County Road 48, 
near Old Bethel, Colbert County, lies in hydrologic area 1.

2. From the best topographic map or aerial photograph, determine 
the drainage area size upstream from the site at the road 
crossing. The drainage area size as determined from a U.S. 
Geological Survey quadrangle map is 1.70 mi^.

3. Using the equations for hydrologic area 1 from table 1 or the 
graph in figure 6, the 25-year flood depth is determined as 
6.7 ft above the point of zero flow. This is the estimated 
25-year flood depth for Mulwee Branch near Old Bethel.

The user is cautioned that the urban equations should be used for com 
puting flood depths in urban areas if the impervious area is greater than the 
lower limit shown in the following table. If impervious area is less than the 
lower limit shown, use the applicable rural equations. The urban equations 
should not be used in hydrologic area 4.

Lower limit of 
impervious area, 

Hydrologic area in percent

1, 6 13.0
2 8.3

3, 5 9.5



The depth of a flood for selected recurrence intervals for an urban 
stream may be estimated by the following procedure:

For example, the depth of a 50-year flood is needed for Cribbs Mill Creek at 
Kauloosa Avenue in Tuscaloosa.

1. From the best topographic map or aerial photograph, determine 
the drainage area size. By using the grid method, (Olin and 
Bingham, 1982) determine the percent of the drainage area 
that is impervious. The drainage area size as determined 
from a U.S. Geological Survey quadrangle map is 10.7 mi^, of 
which 22.3 percent is impervious.

2. Using the equations for urban areas in table 1, the 50-year 
flood depth is determined as 15.2 ft above the point of zero 
flow. This is the estimated 50-year flood-depth for Cribbs 
Mill Creek at Kauloosa Avenue in Tuscaloosa.

The following procedure is recommended for estimating flood depths for an 
ungaged site on the same stream as one of the gaged sites listed in Supplemen 
tary Data. The procedure is used for sites where the ungaged area is within 
50 percent of the gaged area. Flood depth data can be estimated by using 
nearby gaged site data at the ungaged site and weighting with the regression 
data for the ungaged site. Locate the gaged site on the topographic map. 
Check the reach between the gaged and ungaged sites to see if the flood plain 
and channel slope are fairly uniform. If they are, the flood depth at the 
gaged site can be transferred either upstream or downstream by the following 
equation:

Du = [(Au/Ag) b l Dg 

and a weighted value can be computed by the equation:

Dw = (2AA/Ag) Dr + [1-(2 A A/Ag)] Du

where Du is the flood depth at the ungaged site for the selected 
recurrence interval transferred from the gaged site;

Dg is the flood depth for the selected recurrence interval at 
the nearby gaged site from the Supplementary Data;

Dr is the regional flood depth for the selected recurrence 
interval at the ungaged site computed from the applicable 
hydrologic area equation;

Dw is the weighted flood depth for the selected recurrence 
interval at the ungaged site;

b is the drainage area regression exponent from table 1 for the 
applicable hydrologic area and selected recurrence interval;

Au is the drainage area at the ungaged site;

10



Ag is the drainage area at the gaged site; and

A A is the difference between the drainage areas of the gaged and 
ungaged site.

The difference in drainage area between the two sites should be less than 50 
percent. If the difference in drainage area is more than 50 percent or the 
flood-plain width and channel slope in the reach is not uniform, then use the 
applicable regression equations (table 1) .

The depth of floods for selected recurrence intervals of an ungaged site 
on the same stream as a gaged site may be determined for example, by the 
following procedure:

1. Locate the stream in figure 5 and the gaging station location 
in figures 1 through 4. For example, Kelly Creek at mouth of 
and including Wolf Creek about 1.7 miles southeast of Lawley, 
in Shelby County, lies in hydrologic area 1.

2. For the gaging station on Kelly Creek, station 02405500, 
obtain from Supplementary Data the drainage area, Ag, of 193 
mi 2 and the 100-year flood-depth, Dg, of 26.6 ft.

3. For the ungaged site, determine the drainage area, Au, of 175

4. From table 1, obtain "n" of 0.233 for hydrologic area 1 for 
the 100-year equation.

5. Transfer the 100-year flood depth from the gage site using

f Au\b / 175 \ 0.233 / v 
Du=\ Ag / Dg = ^ 193 / (26.6) = 26.0 ft

6. The regional 100-year flood depth estimated using the areal 
equation is

Dr = 7. 024 (A) 0.233 = 7. 024 ( 1 75) °' 233 = 23.4 ft

7. The weighted 100-year flood depth is estimated using

2*A\ / 36 / 36DW -\I57 Dr+ y- Tg/Du -yjgjy 23.4+ y- 193 /26.o - 25.5 ft
The weighted 100-year flood depth at the ungaged site upstream from Kelly 
Creek, station 02405500, is 25.5 ft.
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SUMMARY

This report presents methods and examples for determining flood-depths for 
rural and urban streams in Alabama that can be used in designing highways, 
culverts, and bridges.

The depths of floods at gaging stations were computed by taking the 
difference between the elevation of floods with recurrence intervals of 2, 5, 
10, 25, 50, 100, and 200 years and the elevation at the point of zero flow. 
The elevation at the point of zero flow was determined from the latest stage- 
discharge relation and discharge measurements made in the vicinity of each 
gaging station. The elevations of the flood peaks were determined from the 
latest stage-discharge relation for each station.

Multiple regression analyses were made using the "maximum RSQUARE 
improvement" procedures. The dependent variable was the flood depth and the 
independent variables were 10 basin and climatic characteristics. Drainage 
area was the only independent variable significant at the 5-percent level for 
rural streams. Drainage-area size and percent impervious area of the basin 
were significant for urban streams.

Residuals from the regression of urban stream data were plotted on a map 
of Alabama and no geographic bias was detected. The residual plot from the 
regression of rural stream data showed geographic bias and the plot was used 
to redraw boundaries of six hydrologic areas used in Olin's (1984) flood 
report. Regressions were run using the stations grouped in each of the 
hydrologic areas. The plot of these residuals for each hydrologic area showed 
no geographic bias. Stations in hydrologic areas 1 and 6 were combined and a 
single set of flood-depth equations was determined for these two areas.

The urban equations should not be used in hydrologic area 4. The rural 
equations for hydrologic area 4 estimate larger flood-depths then the urban 
equations for some recurrence intervals. Area 4 has impervious chalk and marl 
which causes the high runoff. The rural equations should be used for urban 
streams where the percent impervious area is less than the lower limit shown 
in the use of flood-depth equations section of this report. Urban equations 
should not be used for streams in some of the hydrologic areas when the imper 
vious area is 13 percent or less. Urban equations underestimate the flood 
depth for urban streams when the impervious area is 13 percent or less in some 
of the hydrologic areas. The equations should not be used for streams subject 
to regulation or significant channelization, or where other manmade structures 
significantly affect peak stage, discharge, or channel slope. The rural 
equations can be used for streams with drainage areas within the limits shown 
in this report (0.44 to 1,344 mi^), and the urban equations can be used for 
streams with drainage areas of 0.16 to 83.5 mi^ and impervious areas from 8.3 
to 42.9 percent.

When computing flood depths for a minor tributary near the confluence of 
two streams, use the drainage area below the confluence in the area of back 
water is because the larger tributary would probably cause backwater for some 
distance upstream in the smaller tributary.
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The flood-depth relations should not be used to compute flood discharges; 
methods for computing flood discharges are given in the report by Olin (1984).

For most streams where the drainage area is greater than indicated, flood- 
profile data and gaging station records are available for use in estimating 
flood-depths. Flood routing and historic flood profiles are available for 
many of the large streams which have flood regulation.
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